Background The National Institutes of Health and American Medical Association recommend a sixth grade reading level for patient-directed content. This study aims to quantitatively evaluate the readability of the most commonly used resources for surgical treatment of carpal tunnel syndrome. Methods A web search for "carpal tunnel surgery" was performed using an Internet search engine, and the 13 most popular sites were identified. Relevant, patient-directed articles immediately accessible from the main site were downloaded and formatted into plain text. A total of 102 articles were assessed for readability using ten established analyses: first overall, then by website for comparison. Results Patient information about carpal tunnel surgery had an overall average reading level of 13.1. Secondary analysis by website revealed a range of mean readability from 10.8 (high school sophomore level) to 15.3 (university junior level). All sites exceeded the recommended sixth grade reading level. Conclusions Online patient resources for carpal tunnel surgery uniformly exceed the recommended reading level. These are too difficult to be understood by a large portion of American adults. A better understanding of readability may be useful in tailoring more appropriate resources for average patient literacy.
Background
Carpal tunnel syndrome is the most common compressive neuropathy in the upper extremity and has been estimated to occur in 3-5 % of the population [6, 17] . Patients can present with myriad symptoms including pain, weakness, or clumsiness in the hand or more proximally in the arm [13, 15, 23, 28, 33] . For this reason, patient education about pathophysiology and treatment can be challenging, particularly in patients who have atypical symptoms.
With the increasing availability of Internet access, patients have turned to online resources to gather information about diagnoses and possible methods of treatment. Greater than 90 % of patients utilize Internet resources for purposes of medical decision-making [24] , which has increased significantly since 2002 [9] . There is a discrepancy between the reading level of patient health information and the functional literacy of the adult population in the USA; educational materials are often more complicated and intricate than understandable by the general public. This forms a barrier to patient decision-making, compliance with medical recommendations, patient satisfaction, and outcomes [1, 5, 18] . Patients with average literacy may not be able to comprehend information listed on popular and commonly utilized websites, creating additional challenges for effective transfer of information [25] .
To provide patients with appropriate information, the National Institutes of Health (NIH) and American Medical Association (AMA) have advised the provision of patient information at a sixth grade reading level [1] . Professional organizations have developed instruments to ensure the readability of patient materials [27] ; however, most online resources remain above the recommended grade level [2, 3, 7, 10, 14, 19, 20, 26, 31] . Prior studies of readability have not addressed carpal tunnel syndrome, a problem commonly treated by hand surgeons.
The aims of this study were to identify the most popular online resources for patients with carpal tunnel syndrome and to evaluate the readability of these documents in the context of average literacy within the USA.
Methods

Article Collection
A web search was performed using the two largest Internet search engines (Google and Bing) on August 18, 2013, using the term "carpal tunnel surgery," and the 13 most popular, patient-directed sites common to both results were identified. The searches were performed systematically by a single investigator with all location and account information disabled 
Results
A total of approximately 3.5 million results were returned by each search engine. The first 13 websites produced by both search engines were identified and included in the study ( Table 2) . Two sites were ultimately excluded from the ordered list of Google results relative to those returned by Bing. A total of 102 articles were collected from these sites; these were organized by parent website for readability analysis.tgroup Overall, patient articles about carpal tunnel surgery from the 13 most popular websites have a mean reading level of 13.1. Average reading level for each test is displayed in Table 3 . Mean Coleman-Liau grade level was 13.0, Flesch-Kincaid 12.6, and FORCAST 11.6. Fry readability (Fig. 1 ) was 14.0 and Gunning Fog was 13.9. New Dale-Chall analysis revealed a reading level of 12.8. New Fog Count produced the lowest average reading level at 10.8, and Raygor Estimate (Fig. 2 ) the highest at 15. Average SMOG reading level was 13.9. Flesch Reading Ease, which expresses readability as an index score from 0 to 100, with 100 being easiest to read, produced a score of 42 when all articles were included. Reading Ease analysis produced an index score range from 29 (Wikipedia.org) to 58 (AAOS.org) ( Fig. 4) . None of the sites achieved a score between 60 and 70 (considered "Plain English") or higher. 
Discussion
As patient Internet access becomes more universal, effective online education requires presentation of comprehensive and sophisticated information in a way that is understandable for the general public. For this reason, the AMA and the NIH have recommended a sixth grade reading level for such patientdirected information [1] . In this study, we found that the most popular Internet resources for carpal tunnel syndrome are all above this recommended reading level and on average were approximately that of a college university freshman.
The different stages, severity, and time of presentation for patients with carpal tunnel syndrome make effective education a critical part of care delivery. Patients with mild or moderate disease may experience more complete recovery than those with severe disease, although all patients may in fact receive some benefit from surgical release [8, 22] . Patients with severe disease with demyelination may not fully regain sensory or motor function post-operatively, despite complete surgical release [21] . These nuances are an important part of clinical discussion and surgical planning, as the goals of surgical intervention vary depending on the patient's age, disease severity, expectations, and occupation, among others.
Prior studies in the hand surgery literature have investigated the readability of hand-related websites [32] , and others have studied patient educational materials in the management of distal radius fractures [10] . Certain hand surgery conditions, including distal radius fractures, may be more concrete and easily explained to patients than the treatment of the various stages of carpal tunnel syndrome. Despite the high prevalence of carpal tunnel syndrome in the general population, no prior studies have specifically examined the online materials available for patient education for this condition.
Studies in other disciplines have evaluated the readability of online patient materials and have similarly found that the reading level far exceeds recommendations. In a 2005 review of Internet sites pertaining to cancer treatment, the Flesch Reading Ease score was 47.7, Flesh-Kincaid score was 10.8, and SMOG readability was 13.1 [12] . A more recent study investigating the operative treatment of breast cancer demonstrated that the average reading level was 12.9 [29] , and another studying patient education related to hernia repair had an average reading grade level of 13.6 [30] . Other studies have corroborated these findings [2, 3, 11, 14, 26] . Collectively, these studies underscore the importance of developing more appropriate and effective online patient educational There are many possible ways to address the discrepancy between reading level and patient education. Modification of online content to reflect the reading ability of the general public could be achieved, although the number of websites that would need to be altered is significant. Computer-based learning modules can be effective in the decisions related to surgical breast reconstruction [18] and may be of benefit to patients with carpal tunnel syndrome given the elective and complex nature of surgical decision-making. Decision aids have been used in many surgical disciplines and can be helpful in patient education and decision-making; they can also make patients more likely to prefer non-operative or less invasive treatment options [16] . As patients increasingly use online resources to obtain medical information, effective communication and delivery are paramount for patient care. Not only is effective communication important, but the specific language used for this purpose also matters [4] .
There are limitations to this study, including the nature of the search and the websites used for analysis. The search was performed using the term "carpal tunnel surgery"; inevitably, different search terms would have produced different websites and articles for analysis. However, given its ubiquity, the term "carpal tunnel surgery" may be more commonly recognized by the general public than many other hand surgery conditions. Additionally, the use of multimedia adjuncts such as videos and simulations was not assessed and could potentially improve the comprehensibility of the information presented. Future studies are needed to better identify other means of patient education for carpal tunnel syndrome and methods to enhance effective online communication.
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